Abstract-One of the promising techniques to achieve good bit error rate (BER) performance in a fading environment is the spatial diversity. In general, user equipment (UE) is equipped with only a few antennas due to its spatial limitation, while a large number of antennas can be equipped at the base station (BS). In this paper, we introduce a selective multi-input multioutput (MIMO) spatial diversity with subcarrier-wise UE antenna identification and selection. Maximal-ratio transmit frequency-domain equalization (MRT-FDE) and minimum mean square error combining FDE (MMSEC-FDE) are used for the orthogonal frequency-division multiplexing (OFDM) downlink and the single-carrier (SC) uplink, respectively. Computer simulation confirms that, without introducing space-time block coded transmit diversity (STBC-TD), additional diversity gain can be obtained by selective MIMO diversity.
I. INTRODUCTION
One of the promising techniques to achieve good bit error rate (BER) performance in a fading environment is the spatial diversity [1, 2] . In general, user equipment (UE) is equipped with only a few antennas due to its spatial limitation, while a large number of antennas can be equipped at the base station (BS). Space-time block coded transmit diversity (STBC-TD) [3] is a well-known multi-input multi-output (MIMO) diversity which utilizes multiple BS and UE antennas to achieve a large diversity gain. In a frequency-selective fading channel, a joint use of equalization and diversity is necessary. In our previous study [4] , we considered STBC-TD with maximal-ratio transmit frequency-domain equalization (MRT-FDE) for the orthogonal frequency-division multiplexing (OFDM) downlink [5] and that with minimum mean square error combining FDE (MMSEC-FDE) for the single-carrier (SC) uplink [6] , respectively. All signal processing necessary for MRT-FDE and MMSEC-FDE can be implemented solely at the BS [5, 6] and hence, keeping the signal processing at UE simple.
An interesting question is whether STBC-TD is needed in order to utilize multiple BS and UE antennas. It should be noticed that if STBC-TD is not introduced, MIMO diversity using MRT/MMSEC-FDE allows the UE to use only single antenna although BS can utilize multiple antennas and hence, the diversity gain is relatively low compared to that of STBC-TD. In this paper, motivated by the above discussion, we consider a selective MIMO diversity with subcarrier-wise UE antenna identification/selection [9] , which can utilize multiple UE antennas without introducing STBC-TD while using both MRT-FDE and MMSEC-FDE at the BS side. In selective MIMO diversity, the best antenna among multiple UE antennas is identified for each subcarrier. We employ the channel estimation scheme described in [7] for obtaining MIMO channel state information (CSI), then the MIMO CSI is used for identifying/selecting the best antenna at UE and for computing the MRT/MMSEC-FDE weights at BS. In this paper, it is assumed that the SC waveform is generated based on the discrete Fourier transform (DFT)-spread OFDM principle. Selective MIMO diversity has a simpler transceiver structure than STBC-TD jointly used with MRT/MMSEC-FDE. Assuming a Rayleigh fading channel, the achievable BER performance with selective MIMO diversity is evaluated by computer simulation and the impacts of the channel frequencyselectivity and time-selectivity are discussed.
The rest of this paper is organized as follows. Section II describes the concept of selective MIMO diversity and then, Section III describes the best UE antenna identification/selection and MRT/MMSEC-FDE weights computation. Selective MIMO diversity transmission/reception is described in Sect. IV. In Sect. V, the computer simulation results and discussions are presented. Finally, in Sect. VI, some concluding remarks are presented.
II. SELECTIVE MIMO DIVERSITY CONCEPT Time-division duplex (TDD) transmission can exploit the channel reciprocity in antenna selection. An equal number N c of subcarriers is assumed for TDD using OFDM downlink and SC uplink. BS and UE have N BS antennas and N UE (<N BS ) antennas, respectively.
The concept of selective MIMO diversity is shown in Fig. 1 . The transceiver structure of selective MIMO diversity is illustrated in Fig. 2 III. BEST UE ANTENNA IDENTIFICATION/SELECTION AND FDE WEIGHTS COMPUTATION The transmission subframe consists of uplink pilot time slot (UpPTS), downlink PTS (DwPTS), followed by 12 data time slots (DTSs), as shown in Fig.3 [7] . In the UpPTS period (slot time t=0), UE transmits orthogonal uplink pilots simultaneously from all N UE antennas. After performing pilotaided channel estimation (PACE) using the received uplink pilots to acquire the MIMO CSI, BS identifies the best UE antenna and computes the MRT/MMSEC-FDE weights. Then, in the DwPTS period (slot time t=1), BS transmits orthogonal downlink pilots from all N BS antennas. After performing PACE using the received downlink pilot, UE uses the MIMO CSI to select the UE antenna identified by BS. Over the period of slot time t=2~13, BS continues to use the MRT-FDE weight ( ) 
A. Orthogonal pilot construction
Frequency-division multiplexed (FDM) orthogonal pilots 
Hereafter, the index k will be omitted from ( 
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for SC uplink reception, (4) where s E is the average transmit symbol energy defined as s s E S T   and N 0 denotes the single-sided power spectrum density of zero-mean complexed-valued additive white Gaussian noise (AWGN).
The MRT-FDE weight shown in Eq. (3) is a combination of the conventional MRT-FDE weight [5] and the 2-dimensional (antennas and subcarriers) power allocation which is introduced to keep the transmit power always equal to S. It maximizes the received signal-to-noise power ratio (SNR) at the UE receiver. On the other hand, the MMSEC-FDE weight shown in Eq. (4) sufficiently weakens the frequency-selectivity of the equivalent channel seen at the BS receiver (the equivalent channel will be discussed in Sect. IV).
C. UE antenna selection and equivalent OFDM downlink channel gain computation at slot time t=1
antennas in the DwPTS period. Similar to the uplink PACE [10, 11] performed at the BS, UE acquires the channel gain
 . Then, UE selects the ( ) n k  th antenna, which has been identified by BS as the best among N UE antennas. This is done by referring to Eq. (2) and using
We have derived an approximate expression for the probability P f of false identification and selection of the best UE antenna in a frequency-selective Rayleigh fading channel. When N UE =2, P f can be expressed as (for the sake of brevity, its derivation process is omitted) . It can be found that if average transmit E s /N 0 is higher than 0 dB, the false probability is lower than 0.04 and can be sufficiently small. In the computer simulation shown in Sect. V, the identification and selection of the best UE antenna are respectively carried out by PACE using uplink and downlink pilots for the BER performance evaluation. It should be noted that the negative impact of the false identification and selection on the BER performance is included in the simulation.
In addition, it should be noted that the downlink pilot can be an MRT-FDE-precoded pilot using N c subcarriers. In this case, the UE antenna selection can be done by comparing the instantaneous pilot received powers on N UE antennas for each subcarrier.
IV. SIGNAL TRANSMISSION/RECEPTION WITH SELECTIVE MIMO DIVERSITY
The transmission system model for OFDM downlink and SC uplink with selective MIMO diversity has been illustrated in Fig. 2 . Below, the received signal representation is presented. The equivalent channel gain for symbol decision is obtained. 
A. OFDM downlink

R k t SH k t d k t k t
The symbol decision can be done as
where d and D are the symbol candidate and a set of datamodulated symbols, respectively. After parallel-to-serial (P/S) conversion, UE outputs the received N c -symbol data block   which can be written as 
V. COMPUTER SIMULATION Computer simulation parameters are listed in Table I . We assume that BS and UE are equipped with N BS =4~16 antennas and N UE =2 antennas, respectively. N BS ×N UE channels are assumed to be i.i.d. quasi-static frequency-selective Rayleigh fading channels having L-path uniform power delay profile (PDP) with max  =L1, where L=1~16 in this paper. The number of subcarriers (equal to IDFT/DFT size) is N c =1024 and the CP length is N cp =128. Prior to data transmission, the best UE antenna is identified/selected by PACE using delaytime domain windowing technique. The Zadoff-Chu sequence [8] with N p =32-symbol length is used as the pilot sequence { ( );
The perfect knowledge of received E s /N 0 is assumed for computing the MMSEC-FDE weights of Eq. (4) and the equivalent channel gain estimate of Eq. (13). 4QAM data modulation is assumed. One-shot observation of the best UE antenna index and equivalent channel gain over N c subcarriers is shown for OFDM downlink with selective MIMO diversity in Fig. 4 . For comparison, the equivalent channel gain achievable with multi-input single-output (MISO diversity), i.e., the same UE antenna (n=0 or 1) is always used for all subcarriers, is also plotted in Fig. 4(a) . The selective MIMO diversity achieves higher equivalent channel gain than MISO diversity. Also seen is that selective MIMO diversity achieves less variations in the equivalent channel gain. The simulated average uncoded BER performance with selective MIMO diversity in a quasi-static frequency-selective Rayleigh fading channel (the maximum Doppler frequency f D =0) is plotted in Fig. 5 for various values of N BS . The transmit power loss due to CP insertion, which is 0.51dB was taken into account in the BER performance evaluation. For comparison, the average uncoded BER performance achievable with MISO/single-output multiple-output (SIMO) diversity is also plotted. It can be seen from the figure that selective MIMO diversity provides better performance than MISO/SIMO diversity. Furthermore, it is worthwhile to notice that the OFDM downlink and SC uplink provide similar BER performance.
The impact of the frequency-selectivity of the channel on the achievable BER performance is plotted in Fig. 6 for the case of N BS =8. As the frequency-selectivity gets stronger (or as the number of resolvable paths increases from L=1 to 16), the BER performance improves. It can be understood from the figure that selective MIMO diversity always provides lower BER than MISO/SIMO diversity. 
(b) SC uplink with MMSEC-FDE Fig. 6 . Impact of frequency-selectivity of the channel.
So far, the quasi-static fading has been assumed. If UE moves, the channels changes over the subframe period. However, the channel estimation for UE antenna selection and MRT/MMSEC-FDE weights computation are done by PACE using pilots transmitted at the beginning (t=0 and 1) of the subframe. Therefore, the achievable BER performance may degrade. Figure 7 VI. CONCLUSION In this paper, selective MIMO diversity with subcarrierwise UE antenna identification/selection [9] was investigated for OFDM downlink using MRT-FDE and SC uplink using MMSEC-FDE. Selective MIMO diversity has a simpler transceiver structure than STBC-TD jointly used with MRT/MMSEC-FDE [4] . The achievable BER performance with selective MIMO diversity in a Rayleigh fading channel was evaluated by computer simulation. The impacts of the channel frequency-selectivity and time-selectivity were discussed. The computer simulation confirmed that selective MIMO diversity improves the BER performance in a Rayleigh fading channel compared to MISO/SIMO diversity although STBC-TD is not jointly used.
